An electrophysiological study was carried out on four patients with unilateral diaphragmatic paralysis. Whereas neurogenic involvement of the paralysed hemidiaphragm was roughly similar in all cases, neurogenic patterns could be detected in the normally moving controlateral hemidiaphragm in three cases, and the degree of involvement could be correlated with the respiratory state of the patients. EMG also showed that the neuropathic process affected the limb muscles. Thus unilateral diaphragmatic paralysis may be, at least in some cases, the localised expression of a more diffuse neuropathy, perhaps a peculiar form of neuralgic amyotrophy. Diaphragmatic paralysis has been attributed to multiple causes,"2 the most common being a tumour affecting the phrenic nerve. In some cases, however, the cause remains unknown and the paralysis is then called idiopathic.' [3] [4] [5] Bilateral diaphragmatic paralysis induces dyspnoea on exertion and supine position,2 whereas unilateral diaphragmatic paralysis may be asymptomatic and discovered only in routine chest x ray pictures. We carried out an electrophysiological study on four patients suffering from apparently unilateral idiopathic diaphragmatic paralysis. The paralysis was both isolated and complete on the chest x ray picture in all of the patients, although the respiratory complaints differed from case to case. Our aim was to determine whether the results of the electrophysiological tests could explain this disparity and investigate the mechanism of the paralysis.
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Patients and methods

ELECTROPHYSIOLOGICAL METHODS
The tests were performed with MS6 (Medelec) or Viking (Nicolet) EMG apparatus. The patients were in a supine position. To record EMG a 7 cm long coaxial needle was inserted below the xiphoid appendix through the rectus abdominus and pushed along the posterior border of the stemum up to the sternal insertions of the right or left hemidiaphragm (RHD and LHD). The needle was left in place and conduction along the phrenic nerve was measured by stimulating the nerve with a surface electrode located at the lateral edge of the sternocleidomastoid. The latencies of the compound muscle action potential (CMAP) from the RHD and LHD after right and left phrenic nerve stimulation respectively, were measured and compared (normal range 6-8 ms). When the EMG showed motor unit potentials (MUPs) during deep inspiration in the paralysed HD but no CMAP after ipsilateral phrenic nerve stimulation, the controlateral phrenic nerve was stimulated to look for a possible crossed innervation. When we failed to record activity from the diaphragm with this method the coaxial needle was inserted under radioscopic control on the middle axillary line, between the seventh and eighth intercostal spaces and pushed up to the costal insertion of the diaphragm.6The CMAP after phrenic nerve stimulation was recorded as before. During these investigations no complications were observed, and coaxial needles gave information on MUPs and interference pattern that could not be obtained from surface or oesophageal electrodes. As a rule we recorded the EMG of limb muscles and looked for activity at rest in the cervical paravertebral muscles. Motor and sensory nerve conduction velocities (MNCVs and SNCVs, respectively) and short somatosensory evoked potentials (SSEPs) were also studied. (fig 1) . Intermediate patterns with large MUPs were recorded in the right biceps brachii and deltoid. The CMAP evoked in the RHD was delayed (106 ms) whereas the CMAP latency was normal in the LHD (fig 2) . We re-examined the patient one and two years later. Although the RHD was still denervated, the EMG patterns in the right deltoid and biceps had returned to normal.
Case 2 In July 1987 a 68 year old man experienced sudden breathlessness on exertion and complained of moderate pain in the right shoulder and in the neck. Chest x ray pictures showed an elevated and motionless RHD. One year before he had suffered from pain and ' 4 Although all of our patients had unilateral diaphragmatic paralysis in chest x ray pictures, the results of the pulmonary function tests and the severity of the dyspnoea clearly differed from one to another. The severity of the electrophysiological involvement of the paralysed HD was roughly similar; EMG showed single unit patterns or the absence of MUPs, and no CMAP could be obtained by stimulating the phrenic nerve (except on the first examination of patient 1). By contrast, in the contralateral HD the results of the electrophysiological tests were different and may correlate with respiratory state. Even though the contralateral HD moved normally the patients who were dyspnoeic had neurogenic patterns of incomplete interference and slightly delayed CMAP latencies. Cases 3 and 4 who both had a restrictive ventilatory defect exhibited a severe neurogenic involvement and delayed CMAP latencies, whereas case 1, whose pulmonary function tests were normal, had normal interference pattern and CMAP latency in the contralateral moving HD.
EMG also demonstrated that the neurogenic alterations were not limited to the diaphragm. In cases 1 and 2 incomplete interference patterns were recorded in the proximal muscles of the upper limb ipsilateral to the diaphragmatic paralysis, whereas in cases 3 and 4 abnormal pattems were even more widespread, involving both shoulder girdles and in one case, the lower limb. These results suggest that in unilateral idiopathic diaphragmatic paralysis, systematic EMG of the contralateral HD and of some proximal and distal limb muscles should be performed to detect a possible subclinical denervation.
These cases of unilateral diaphragmatic paralysis share common aspects with neuralgic amyotrophy,9 characterised in its typical form by the sudden onset of shoulder pain followed by motor weakness and atrophy and an overall good prognosis. Our patients, who presented with apparently unilateral idiopathic diaphragmatic paralysis, had an acute, partly regressive, and electrophysiologically widespread neuropathy which involved both hemidiaphragms (except case 1). Painless forms of neuralgic amyotrophy have been reported,'0 and although none of our patients presented with the typical acute pain of the shoulder, EMG clearly showed that at least some proximal muscles of the arm ipsilateral to the diaphragmatic paralysis were affected. Even though diaphragmatic paralysis is rare in neuralgic amyotrophy, 27 cases were listed by Walsh et al." Gregory et al reported a patient who experienced recurrent isolated phrenic nerve paralyses, and suggested that recurrent diaphragmatic paralysis might represent a mononeuropathic variant of brachial neuritis.'2 England and Sumner recently stressed that neuralgic amyotrophy may be a considerably more diverse entity than generally appreciated.'3 Our results suggest that, at least in some cases, unilateral idiopathic diaphragmatic paralysis may be a peculiar form of neuralgic amyotrophy. The basic mechanism remains unknown but the length of the phrenic nerve may render it more liable to some factors (repetitive trauma, immunisation) putatively implicated in the pathogenesis of the disease.
